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Abstract: This paper is a report of a meta-development research project of 
mathematical learning resources and learning designs. The process of meta-
development was conducted through mapping of mathematical learning resources 
and learning designs based on an observation of 119 participating teachers in 
Bojonegara Sub District, Indonesia. The outcomes of the meta-development include 
two prototypes that are similar in concept, yet different in function: the first 
prototypes can be use for mapping mathematical learning resources in the Internet, 
while the second prototype can be use for documenting and sharing mathematics 
teaching and learning experiences. The prototypes were evaluated based on trial with 




 Mathematics is defined as the abstract science of number, quantity, and space. Mathematics may be studied 
in its own right (pure mathematics), or as it is applied to other discipline such as physics or engineering (applied 
mathematics) (Oxford Dictionaries). Education is defined as the process of receiving or giving systematic 
instruction, especially at school or university (Oxford Dictionaries). Based on these definitions, mathematics 
education may be defined as the process of receiving or receiving systematic instruction in mathematics at school or 
university. Mathematics Education in universities is usually formalized through Mathematics Teachers Education 
Programs with the programs intended to generate prospective mathematics teachers and to train in-service 
mathematics teachers. As stated by Ponte (2012 p. 1) many institutions across the world – universities, teachers 
colleges, normal schools, and other public and private organizations - have programs that prepare prospective 
teachers who will teach mathematics in one school level or another. 
 Editor of Chemical Education today (2008, p. 1019) stated that mathematics is fundamental to science 
because many aspects of science are best described and elucidated using mathematical tools. Consequently, 
mathematics education is important not only for mathematicians, but for all scientists. Moreover, Chapman (2012) 
addressed four challenges in mathematics education programs: (1) implementing new curricula, (2) making 
connections to real world contexts, (3) sustainable change and learning processes, and (4) implementing technology. 
Based on these statements, mathematics teacher education programs are important. The use of technology, 
especially Information and Communication Technology (ICT) is important for mathematics teachers in teaching 
mathematics as it spreads quickly and influences education. However, there is a challenge  in implementing 
technology to facilitate mathematics education in the school system, so it is useful to focus on prospective or in-
service mathematics teachers, ensuring they are equipped with technology know how for later teaching. 
 Mathematics teachers are important component in the institutionalization of mathematics, especially in 
promoting the spread of mathematics knowledge to community. They take knowledge and skills from their 
education in universities to the schools where they teach. To effectively integrate technology into mathematics 
teaching it is important that teachers gain such technology skills.  
 
The Study 
 Meta- is defined as denoting something of a higher or second order kin (Oxford Dictionaries), while 
development is defined as the process of developing or being developed (Oxford Dictionaries). Based on these 
definitions, meta-development can be defined as a higher or second order of process developing something. In this 
case the software tools are developmental tools to aid the development of mathematics. Similar descriptions include 
meta-analysis and meta-data. Meta-analysis is defined as analysis of analysis, while meta-data is defined as data on 
data. Both of these terms mention a higher or second order of understanding. When someone develops mathematical 
learning resources accessible through the Internet, another person can undertake a meta-development, developing 
another person’s development of mathematical learning resources. Similarly when someone develops a learning 
design, others can conduct a meta-development of the other person’s development of learning designs.  
 The meta-development of mathematical learning resources can be defined as the development of 
mathematical learning resources based on another person’s development of mathematical learning resources. 
Furthermore, the meta-development of learning designs is defined as the development of learning designs based on 
another person’s development of learning designs.  
 The development process for the prototype in this study that facilitates development and sharing of others 
work followed the process for developing computer software as explained in Jalote (2005, p. 86). The process 
consisted of: 1) analysis of requirements; 2) design of software; 3) coding; and, 4) testing. A Windows Operating 
System environment was chosen as the development platform as it is widely available in developing countries. The 




Analysis of Requirement 
 Prior to the development of computer software an analysis of requirements was undertaken. The analysis of 
requirements determined: 1) the capability needed by user to solve a problem or achieve an objective; and, 2) the 
capability that must be met or possessed by a system (Institute of Electrical and Electronics Engineer (IEEE) cited, 


















Figure 1 The requirement process (adopted from Jalote (2006, p. 86)) 
 
 As illustrated in Figure 1, identifying user needs is the start of the analysis of requirements, and this is then 
followed by problem analysis, product description, and validation in terms of satisfying user needs. Through this 
process, the requirement of the proposed prototypes is validated as satisfying user needs. That is the existing 
problem is solved through the provision of theoretical prototype descriptions and validation. Results of this initial 
analysis form the rationale for prototype development. 
 
User Needs 
 Based on an earlier study Fathurrohman & Porter (2011), it is found that teachers believe accessing resources 
from the Internet for use in teaching and learning is beneficial. However there are too many learning resources in the 








Internet contains hidden resources or ones that cannot be accessed by search engines but which are accessible with 
directly providing web addresses. Sherman (2002) refers to these hidden resources as the invisible web. 
Approximately 10 per cent of teachers, access and use the Internet to gather educational content for use in teaching 
and learning and many more would like to (Fathurrohman & Porter, 2011). Because there are many mathematical 
learning resources in the Internet, one way of assisting teachers to find teaching and learning resources involves 
mapping the educational content of mathematical learning resources in the Internet. Electronic maps provide a 
medium to map and share appropriate resources between teachers.  
 Given that teachers are willing to share their mathematical teaching and learning experiences with other 
teachers, it was deemed possible and important to provide appropriate technology to support teachers prepared to 
share their learning designs. One possible support in relation to learning designs is the development of maps that can 
be used to document and share mathematics teaching and learning experiences. Since the teachers would like to use 




 Analysis of data from a sample of 119 teachers in Indonesia (Fathurrohman & Porter, 2011), revealed that 
teachers need an appropriate approach, software, or system that is consistent with ICT capabilities in their area. 
These needs reflect the use of their own computers, and do not simply rely on their school or institutional ICT 
infrastructure that would in a developing country would be considered inadequate. The software proposed is 
intended to support teachers in accessing many mathematical learning resources in the Internet and to support 





General Concept for the Prototypes 
 The proposed development had two main foci, (1) mapping mathematical learning resources in the Internet 
and (2) documenting and sharing learning designs. Hence the proposed development was implemented in two 
separate prototypes. The first prototype focused on mapping mathematical learning resources, while the second 
prototype focused to learning designs. However, the conceptual basis for the two prototypes is similar. Mapping 
mathematical learning resources in the Internet requires the existence of a file or a map, which contains information 
related to mathematical learning resources that are available in the Internet. To be work effectively, this electronic 














Figure 2 Concept of the Prototypes 
 
 As illustrated in Figure 2, the prototypes are based on the concept that there are two components: (1) an e-
Map, the electronic file that serves as a map and contains the data and information related to the mathematical 
learning resources or learning designs, and (2) a software associate reader, that can read the e-Map, load the contents 
of the e-Map, and working properly with the e-Maps. Both prototypes have been developed on a Windows based 









Software Associate Reader 
mathematical learning resources and learning designs follows. 
 
 
Table 1 Proposed Mapping System 
 
Type of Prototype Mathematical Learning Resources Learning Designs 
Electronic Map Name of prototype: 
Geography-Based Resources Map 
(GRMap) 
 
Name of prototype: 
Learning Design Map (LDMap) 
Function: 
To record information about 
mathematical learning resources in 
the Internet, based on their 
geographical location (continent, and 
country) 
Function: 
To record information about 
teacher’s learning design, in 
particular the resources, tasks, 
process & support of each meeting. 
Software  
Associate Reader 
Name of prototype: 
Guidelinks 




To read the GRMap and guide 
teacher to select and locate the 
mathematical learning resources in 
the Internet. This software also has 
search and catalogue function 
Function: 
To created and read the LDMaps.  
 
 As represented in Table 1 the electronic map of Internet learning resources is called a Geography-Based 
Resources Map (GRMap). This name is derived from its function of locating the resources in the Internet based on 
its geographical location, for example by country or province. The name also derived in order to position this map as 
an atlas of the Internet. The electronic map of learning designs, this map is called a Learning Design Map (LDMap). 
This name is also derived from its function of recording learning design information.  
 
 The associate reader of GRMap is called Guidelinks, because this reader is intended to provide links that will 
guide users accessing many mathematical learning resources in the Internet. The links that will appear in the 
displayed map of Guidelinks is sourced from the GRMap that is connected to this reader. By browsing the displayed 
map or using catalogue and search function, a user can select one of provided resources than automatically connect 
to this resource by clicking the provided button as long as the computer is connected to the Internet. For learning 
designs, the associate reader of LDMap is called LDSoft, because this reader will display the learning designs 




 Collaborative research with 13 mathematics teachers in Bojonegara Sub District, Indonesia provided a means 
of implementing and testing the value of the electronic maps. In Indonesia, the Elementary School Level ranges 
from Grade I to Grade VI, Junior Secondary School Level ranges from Grade VII to Grade IX, and Senior 
Secondary School Level ranged from Grade X to Grade XII. Before school, there is a pre-school level (play school 
and kindergarten), and after school there is a tertiary (university) level. The participants included  three (23.1%) 
mathematics teachers for Grade VI (elementary school level), two (15.4%) mathematics teachers from Grade V, 
Grade VIII, and Grade XII, and one (7.7%) mathematics teachers from Grade II, Grade VII, Grade IX, and Grade 
XI. The participating mathematics teachers represented eight (66.7%) of the available grades at all school levels. All 
participating teachers were provided with the prototype software package and were asked to use and evaluate the 
prototype. They were expected to use the electronic maps and to circulate the maps to other teachers (participating 
and non participating mathematics teachers). The circulation could be inspired through personal relationships 



















 Observed Circulation 
 Expected Circulation 
Figure 3 Expected Circulation of Electronic Maps among Participated Teachers 
 
 Several links between teachers were evident. There were six pairs of teachers, where each member of the pair 
was in the same school. Observations confirmed the observed and expected circulation made possible due to their 
common daily activities, engagements, and communications between these pairs of teacher. Beside the interactions 
of these pairs, some of teachers were observed to have relationships with teachers from other schools. The school of 
Teachers 1 and 2 is near to the school of Teachers 3 and 4. It was observed that the relationship between these 
schools is very good. Teachers sometimes visited their counterpart school. It was also observed that the Teacher 4 
sometimes visited the school of Teacher 5 and 6. Teacher 4 due to her position as financial coordinator for School 
Operational Funding from Indonesian Government frequently visited the central elementary school of Teacher 5 and 
6 in Bojonegara Sub District. Teacher 6 also frequently visited other schools due to her position as trainer for other 
teachers (including mathematics teachers). Teacher 6 and Teacher 8 have a family relationship, while Teacher 8 and 
Teacher 9 knew each other. There is no observed links for Teacher 13. It was expected that the participating teachers 
would share the electronic maps and prototypes with other mathematics teachers in their school although these 
additional teachers were not interviewed as part of this collaborative research. The circulation of electronic maps 
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was observed and expected to be by copying one mathematics teachers electronic maps to others via a USB drive 




Based on their experiences with the prototype the teachers evaluated it, through a deep discussion with the 
researcher, and the questionnaire provided. The evaluation model used in this paper was based on an evaluation 
model for technology based teaching and learning. According to Alexander and Hedberg (1994), there are four 
evaluation models for technology-based teaching and learning, and the most appropriate evaluation model for this 
research is the decision-based model, consisting of four steps suitable for evaluating innovations: design, 
development, teaching, and institutionalization. Teachers’ satisfaction with regard to the evaluation components of 
the prototype electronic map was measured on a 5 point scale and is reported in Table 2. All teachers reported some 
level of satisfaction with all components. 
 




Strongly Agree Agree Neutral to Strongly Disagree 
Count % Count % Count % 
1 Beneficial for       
 a. Teachers 9 69.2 4 30.8 0 0.0 
 b. Students 9 69.2 4 30.8 0 0.0 
 c. School 9 69.2 4 30.8 0 0.0 
 d. Community in general 9 69.2 4 30.8 0 0.0 
2 Appropriate to current ICT  condition 6 46.2 7 53.8 0 0.0 
3 Institutionalization       
 a. Implementation 3 23.1 10 76.9 0 0.0 
 b. Impact 3 23.1 10 76.9 0 0.0 
 c. Self-managed for a long term 3 23.1 10 76.9 0 0.0 




Design, Develop, and Teach 
 Teachers in developing countries are able to operate computers and other ICT-based tools. However the ICT 
infrastructure, facilities and resources in their schools or area is generally poor. For that reason, empowering 
teachers by providing ICT-based tools, in this case a software prototype for mapping resources and learning designs 
could be an appropriate tool to further mathematics education. Design and development, followed by the use of 
prototypes through collaboration research with 13 mathematics teachers led to the conclusion based on teachers’ 
satisfaction and evaluation of the products components that these prototypes are appropriate for use by teachers to 
share learning designs and resources. Further work suggests they are also suitable for use by students undertaking 
guided hyperlearning (Fathurrohman & Porter, 2012) 
 
Institutionalize 
As shown in Table 2 approximately 77% of mathematics teachers agree, with a further 23.1% strongly agreeing, that 
the implementation, impact, and sustainability of the use of the prototypes by teachers in the long term is good. This 
bodes well for being able to embed the prototypes at an institutional level, rather than the one-off use by individual 
teachers. Moreover, as shown in Table 3, 100% of the teachers considered that the prototypes would be effective in 
supporting curriculum, documenting its resources and learning designs. All teachers found the prototypes 








Strongly Agree Agree Neutral to Strongly Disagree 
Count % Count % Count % 
1 Relation to Curriculum       
 a. Supporting Curriculum 8 61.5 5 38.5 0 0.0 
 b. Documenting Resources and 
Learning Designs 
5 38.5 8 61.5 0.0 0.0 
 c. Synchronize to National 
Curriculum  
5 38.5 8 61.5 0.0 0.0 
 d. Support teachers creativity 
on developing teaching 
resources 
5 38.5 8 61.5 0.0 0.0 
 e. Teachers could arrange their 
own mathematics 
curriculum 
4 30.8 9 69.2 0 0.0 
 f. Teachers ‘ability to create 
and modify electronic maps 
in regard to curriculum 
3 23.1 9 69.2 1 7.7 
 g. Teachers would like to share 
electronic maps 
3 23.1 9 69.2 1 7.7 
2 Appropriateness for Use in 
Developing Countries 
      
 a. Appropriate to current ICT 8 61.5 5 38.5 0 0.0 
 b. Appropriate for use by 
mathematics teachers 
7 53.8 6 46.2 0 0.0 
 c. Recommended for mass 
produced 
6 46.2 7 53.8 0 0.0 
 d. Could be implemented by 
schools 
5 38.5 8 61.5 0 0.0 




 In regard to future development, as revealed by Table 4, 76.9% of participants strongly agree, the prototype 
has a good prospect for use in other developing countries. Furthermore, 61.5% of them also strongly agree that in 
the future, the prototypes have a good prospect for use in developed countries, for use in other subjects (not only in 
mathematics), and have a good prospect for patent and commercialization.  
 The availability of ICT-based tools for mapping resources and learning designs are likely to be of benefit for 
mathematics teachers supporting them as they design and deliver mathematics teaching. The electronic maps are 
expected to be useful for schools and community, facilitating the circulation of resources and learning design 
amongst teachers and students. The supply of these tools to teachers may be provided by company that produces 
these tools through commercialization, otherwise, government through their education office or agency may take 
place on distribution of these tools to teachers in their area. The early prototypes and documentation may also be 
made available via the Internet. 
 
 




Strongly Agree Agree Neutral to Strongly Disagree 
Count % Count % Count % 
1 Future Development       
 a. Prototypes could be use in developing 
countries 
10 76.9 3 23.1 0 0.0 
 b. Prototypes could be used in developed 
countries. 
8 61.5 5 38.5 0 0.0 
 c. Prototypes could be used in other 
subjects (not only in mathematics). 
8 61.5 5 38.5 0 0.0 
 d. Prototypes have a good prospect for 
patent and commercialization 
8 61.5 5 38.5 0 0.0 
 e. Prototypes are recommended to be 
available in other platforms (not only for 
Windows operating system) 




 Two prototypes for use by mathematics teachers have been developed. The first prototype can be used to map 
mathematical learning resources in the Internet, while the second prototype can be used to document and share 
mathematics teaching and learning resources, including the designs for learning. The use of the prototypes has been 
examined through collaborative research the conclusions of which suggest that these prototypes have benefits for 
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